ondary amine, NAPH-PE. Similarly, there exist many reports in literature on preparation of acetylated lecithin s 11 . Acetylation of PE using an enzymatic approach was carried out by Karuna et al. 12 , where vinyl acetate was used as acyl donor in the presence of Lipozyme from Mucor miehi as catalyst. The enzyme selectively acetylated the -NH 2 of PE in lecithin. Acetylated PE helps in improving the emulsification properties of lecithin for baking applications.
On the other hand, the continuous increasing of resistance seen in bacteria has promoted a pressing need for alternative anti-microbial molecules like lipopeptides to be used for clinical applications as well as in food presentation and dairy products 13 . Demand for novel lipopeptides from natural sources is increasing due to their utility in human welfare too. All forms of life, both plants and animals produce anti-microbial peptides and eliminate infection 14 .
Most of these peptides exhibit a great structural diversity and they are typically cationic amphiphilic molecules with excess of basic amino acid residues 15 17 . Peptides are excellent candidates for the development of novel therapeutic agents and complements to conventional antibiotic therapy because they generally have a broad range of activities 18 . A number of naturally occurring peptides and their derivatives have been developed as novel anti-infective therapies for conditions such as oral mucositis, lung infections associated with cystic fibrosis, cancer and skin and wound infections 19 . A major limitation to the therapeutic potential is the possibility of bacteria developing resistance to the peptides. Hence, providing more of the peptides as therapeutic agents increases the body resistance towards the diseases. Anti-microbial peptides have been successively incorporated into topical therapeutics as the peptides are quickly broken down when introduced into the bloodstream. With this background, an attempt was made to synthesize novel N-acylated amino acid derivatives of PE, which is an essential component of membrane bilayers. PE in the present study was isolated from egg yolk lecithin. Structurally phosphatidylethanolamine-N-amino acids contain a peptide linkage with free amino terminal. A simple and a novel 3-step procedure was adopted to synthesize the title compounds and were tested for anti-bacterial and anti-fungal activities over a wide range of bacterial and fungal strains.
EXPERIMENTAL

Materials
Glycine, valine, leucine, isoleucine, phenylalanine and ditertiarybutyldicarbonate were purchased from M/s Fluka Chemical Company USA . Dicyclohexylcarbodiimide, trifluoroacetic acid, ninhydrin, sulfuric acid and n-butanol were purchased from M/s S.D. fine Chem Pvt. Ltd., Mumbai, India . Egg lecithin was isolated from fresh egg yolk. Silica gel 60-120 mesh was purchased from M/s Acmes laboratory, Acme Synthetic Chemicals Mumbai, India . Nutrient agar and potato dextrose agar PDA were purchased from M/s Himedia Laboratories Mumbai, India . Mass spectra were recorded using electron spray ionization-mass spectrometry ESI-MS . IR Infrared spectra were recorded on a Perkin-Elmer FT-IR Spectrum BX.
1 H NMR spectra was recorded on Brucker UXNMR operating at 300 MHz and 500 MHz spectrometer using CDCl 3 . Chemical shifts δ are reported relative to TMS δ 0.0 as an internal standard. All spectra were recorded at 25 . Ditertiarybutyldicarbonate 1.53 mL, 7 mmol was added dropwise to a stirred solution of L-glycine 1a, 0.390 g, 5 mmol and 1.0 N NaOH 6 mL at 0 for 30 min. After the addition, the temperature of the contents was raised to 35 over a period of 10 min and stirring was continued at this temperature for an additional 2.5 h. The course of the reaction was monitored by TLC using solvent system chloroform: methanol: water 65:24:4, v/v/v . The formation of the product was confirmed by negative ninhydrin test disappearance of pink colour . After the reaction, the product was taken in hexane and extracted with water 2 25 mL followed by aqueous saturated sodium carbonate 2 25 mL . The combined aqueous layer was adjusted to pH 1 using potassium hydrogen sulphate, followed by extraction of the aqueous layer with ethyl acetate and then washed with distilled water 2 25 mL . The ethyl acetate layer was passed through a sodium sulphate to remove the residual moisture and the organic layer was concentrated on a rotary evaporator to obtain the product 2a 0.890 g, 98 yield . 1 2.3.4 Typical procedure for the preparation of phosphatidylethanolamine-N-amino acids 5a-e 2.3.4.1 Phosphatidylethanolamine-N-glycine 5a
Microorganisms
Trifluoroacetic acid 1 of wt of substrate was added drop wise to a stirred solution of phosphatidylethanolamine-N-protected glycine 4a, 0.272 g, 0.3 mmol in dichloromethane 10 mL for 5 min at 0 . The contents were stirred for 3 h at 0 . The course of the reaction was monitored by TLC using solvent system chloroform: methanol: water 65:25:4, v/v/v till the appearance of pink colour with ninhydrin spray. At the end of reaction, the product was taken in dichloromethane and washed with saturated aqueous sodium bicarbonate solution and passed through sodium sulphate. The solvent was evaporated under rotary evaporator. The crude product was purified by silica gel column chromatography using chloroform: methanol 85:15 v/v as eluent to obtain the title product 5b 0.177 g, 75 yield . 1 
Phosphatidylethanolamine-N-isoleucine 5d
Phosphatidylethanolamine-N-isoleucine 5d, 0.156 g, 60 yield was prepared from 4d by the following procedure as described in 2.3.4. 22 . Three to five identical colonies from each agar plate were lifted with a sterile wire loop and transferred into a tube containing 5 ml of nutrient agar. The turbidity of each bacterial suspension was adjusted to reach an optical comparison to that of a 0.5 McFarland standard; resulting in a suspension containing approximately 1 to 2 108 CFU/mL. Nutrient agar plates were inoculated by streaking the swab over the entire sterile agar surface. This procedure was repeated by streaking 2 more times, rotating the plate approximately 60 each time to ensure even distribution of the inoculums. As a final step, the rim of the agar was also swabbed. After allowing the inoculums to dry at room temperature, 6-mmdiameter wells were bored in the agar. Each extract was checked for antibacterial activity by introducing 50 µL of a 100 mg/mL concentration into duplicate wells. The plates were allowed to stand at room temperature for 1 h for extract to diffuse into the agar and then they were incubated at 37 for 24 h. Subsequently, the plates were examined for bacterial growth inhibition and the inhibition zone diameter IZD measured to the nearest millimeter. Streptomycin was used as positive controls and dimethylsulfoxide DMSO as a negative control for antibacterial activity.
Anti-fungal Activity
The anti-fungal activities were assayed against four fungal strains, namely Candida albicans MTCC-227 , Saccharomyces cerevisiae MTCC-36 and Aspergillus niger MTCC-282 , by the agar-well diffusion method 23 .
Cultures of test organisms were maintained on potato dextrose agar PDA slants and subcultured on petri dishes before examining for antifungal activity employing the agar cup bioassay method. A commercially prepared PDA medium composition: potato infusion, 200 g; dextrose, 20 g; agar, 15 g was used in this evaluation study. The PDA medium 39.0 g was suspended in distilled water 1000 mL and heated to boiling until it dissolved completely pH 5.6 . The medium and the Petri dishes were autoclaved at 120 at a pressure of 15 psi, for 20 min. The medium was poured into sterile petri dishes under aseptic conditions in a laminar flow chamber. When the medium in the plates had solidified, 0.5 mL of the test culture was inoculated and uniformly spread over the agar surface. Solutions were prepared at 150 µg/mL concentration by dissolving the test compounds in chloroform. After inoculation, cup was scooped out with a 6-mm sterile cork borer and the lids of the dishes were replaced. The test solution in 150 µg/mL concentration was added to cup. The controlled cup was treated at 27 for 48 h. The diameters mm of the inhibition zones were then measured. Amphotericin B was taken as positive controls and DMSO as negative control. Three replicates were maintained for each treatment.
Results and discussion
Several studies on modified phosphatidylethanolamine PE particularly at -NH 2 group N-acyl, N-methyl amino, N,N-dimethylamino etc revealed that these compounds exhibited significant biological activities 24 28 . Hence, there is a large potential to exploit this area by derivatizing -NH 2 group of PE with biologically important L-amino acids. In the present study, five L-amino acids namely L-glycine, Lvaline, L-leucine, L-isoleucine and L-phenylalnine 1a-e were reacted with PE to obtain PE-N-amino acids employing a novel three step procedure. The method involves i Nprotection of L-amino acid with BOC anhydride in alkaline medium ii condensation of -CO 2 H group of N-protected amino acid with free -NH 2 of PE by a peptide linkage and iii deprotection of N-protected group of amino acids to obtain PE-N-amino acids. The L-amino acids were protected using ditertiarybutyldicarbonate BOC anhydride in the presence of 1 N NaOH solution to get the corresponding N-protected amino acids 2a-e with excellent yields 98-99 . N-Protected amino acids were characterized by 1 H NMR 2a which showed disappearance of primary amine proton and a sharp peak at 1.49 δ accounting for 9 protons of the 3 methyl groups of BOC -O-C-CH 3 3 , an amide bond formed during the protection of free -NH 2 of amino acids. A multiplet at 4.12 δ accounted for two protons of methylene group attached to -NH-BOC, a multiplet at 6.82 δ accounting for one proton attached to nitrogen -NH-BOC and an acidic proton as a broad singlet at 7.71 δ was observed. PE isolated from egg yolk lecithin with 99 purity was coupled with N-protected amino acids in presence of DCC in chloroform to obtain PE-N-protected amino acids 4a-e . The disappearance of the pink color spot of PE with the ninhydrin spray indicated that the -NH 2 group of PE is linked to BOC-protected amino acid. The by-product Dicyclohexylurea formed during the reaction was separated by filtration after dissolving the product in hexane. The crude product was subjected to silica gel column chromatography using chloroform:methanol 90:10, v/v as eluent to obtain the pure product in 93-96 yield. PE-N-protected amino acids 4a-e were characterized by 1 H NMR and IR. The 1 H NMR data of 4a-e showed a singlet peak at 1.39 δ accounting for 9 protons of 3 methyl groups of BOC -O-C-CH 3 3 , a multiplet at 3.78 δ accounting for 2 protons of methylene group of glycine NH-CO-CH 2 -NH , a multiplet at 4.13 δ accounting for two protons of methylene group attached to phosphate moiety P-O and other characteristic peaks related to fatty acids and glycerol back bone of PE were observed.
Deprotection of BOC protected amino acids of PE was carried out using trifluoroacetic acid to obtain PE-N-amino acids 5a-e with good yields in 60-75 . 5a-e were characterized by 1 H NMR and IR. The 1 H NMR of 5a-e showed a multiplet at 3.78 δ accounting for 2 protons of methylene adjacent to NH 2 and a multiplet at 3.45 δ accounting for 2 protons of methylene adjacent to amide nitrogen was found. A multiplet at 5.08 δ accounting for 2 proton of primary amine group and a broad singlet at 8.09 δ accounting for one proton of amide nitrogen group and other characteristic signals related to PE were observed.
Biological evaluation
PE-N-amino acids 5a-e prepared in the present study were evaluated for their anti-microbial activity, i.e. antibacterial and anti-fungal activities. The anti-bacterial activity was evaluated against two gram-positive bacteria namely Bacillus subtilis, Staphylococcus aureus and two gram-negative bacteria namely Escherichia coli, Pseudomonas aeruginosa. Anti-fungal activity was tested against three fungal stains namely Saccharomyces cerevisiae, Aspergillus niger and Candida albicans. Controls were maintained with DMSO and streptomycin 150 µg/mL and amphotericin-B 150 µg/mL . 3.1.1 Anti-bacterial activity Anti-bacterial activity was assayed by well diffusion method. The zone of inhibition was observed after 24 h of incubation and the diameter of the zone was measured.
The MIC values of PE-N-amino acid analogues are tabulated in Table 1 . It was interesting to find that amino acid derivatives 5a-e exhibited about three folds much superior activities compared to streptomycin as reference compound against the tested Gram-positive and Gram-negative bacteria. This further revealed that lipopeptide functionalities play a very important role in the activity compared to the amido glucoside functionality present in streptomycin. Further the series 5a and 5d showed extraordinary activities against Gram-positive bacterial strain, B. subtilis compared to other analogues of PE and Gram-negative bacterial strains. Also it was observed that shift from non-polar aliphatic functionalities as seen in 5a-d to a non-polar aromatic functionality 5e increased the MIC values. This can be explained that decrease in basicity of amino group decreased the activity. The observation was similar to that reported by Lee et al. 29 on ethambutol derivatives. Hence, it can be concluded that the presence of ethanolamine as in PE and non-polar aliphatic chain as seen in 5a-d were crucial for anti-bacterial activity against Gram-positive bacteria. The mode of action of anti-microbial activity of these PE-N-amino acid derivatives could be explained similar to the model described by Straus et al. 30 for hydrophilic peptides. According to their model, the molecules upon interaction into the bacterial membrane adopt a three-dimensional structure. They fold into amphiphilic molecules with the induction of positive membrane curvature interacting directly with the lipid head groups. The bacterial cells are Scheme Synthesis of phosphatidylethanolamine-N-amino acid derivatives.
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finally killed either by membrane perforation or some other membrane-associated event.
3.1.2 Anti-fungal activity 5a showed good activity against yeast, C. albicans while no activity against other two fungal species. 5b showed moderate activity against yeast, C. albicans and good activity against filamentous fungi, Aspergillus niger. 5c showed good activity against C. albicans and, Aspergillus niger while 5d showed moderate activity against only C. albicans. 5e showed good activity against yeast, C. albicans and filamentous fungi, S. cerevisiae and moderate activity against Aspergillus niger. It was observed that upon derivatization of free -NH 2 in PE, the compounds 5a-d did not exhibit any activity against filamentous fungi, S. cervisiae. However, the aromatic amino acid PE derivative, 5e showed good activity against S. cervisiae and moderate activity against Aspergillus niger. Compounds 5a-d exhibited moderate activity against C. albicans and no activity against the filamentous fungi. Presence of aromatic group helped compound 5e to exhibit moderate activity against both the yeast and fungi Table 2 .
Conclusion
A simple and novel method was developed for the preparation of phosphatidylethanolamine-N-amino acid derivatives using L-glycine, L-leucine, L-valine, L-isoleucine and L-phenylalanine. All the amino acid derivatives 5 a-e when evaluated for anti-bacterial exhibited extraordinary to moderate anti-bacterial activity compared to streptomycin as reference compound. While, moderate to poor antifungal activity compared to amphotericin-B as reference compound. Inhibitory zone diameters are in mm; Concentration, µg/mL. Negative Control (DMSO). DMSO did not show any activity.
